NAT Atos ——. ot KF 
Aa ee APRS AEM: MEO 

Pe Perit Set? Tee Te aoteeet 

ere eer 


BE holt Re Mihi Ave MARAE A 9 Mika 
Ras AE tt he 4 ps Ms ACA, 
Paper trie rior mtn tc wel CTE 

" ek MAAN 
aera er erts Wire aro 
formperer tere ye CNET a 


Ait aa Sho AS TE 

A aww tse ke teltsOeD nk re i Fn Woody 
. VLA tM Ehod RG Rnte MIG eK lee Blt aM te A estas onde MLAS AAA AAR 

CO UTAEN pike Alt phe Ein hohe RN MD A 


Lome bine? ALE Reto shy NM asthe! 
Fala mie et eee ee he 


a a em memede nat tee be thoostiiks 4M 
om Bate PS Ae ele ASD ATA AWARD Ae fe ed 
he AB RRR AMIE. 0. Me Owe. tet ee ee 4a hee liad. 
Se ne cankentice sksas ia, Rima ca a7 Ralgsiragebhgn aC NA! 
Ache 5 Mall Fe 


4 tah AEM aha Be 


one 
ete insta) mage I REARe 
tk TM rs net oe 


(Ata BERRA 
ie 


tee 


2 pte At Gay 
(Ware a eee eT 
ky Woe ths ty AL WE 


rir 
RA ae haar a 
pre rir tire ey 
ON tenes Atk ste MEDAN AER 
Seen nomimracmiats’ keasa tea ial a 


aot 
os pj mymetatech 


spines in ioe gee 
peer erie er err 
ae 


or 


Derren as 

AWA at 

Vanaein, Rit mide Ad ms Mishra tte mM 

peers trrt no Tee ‘ 

Seen mote atime hz anscel a! Maseabsn ans mda) Os prey ar 
VT lac tar an fara ng mga casibsnoehle. Me 

Nemebvnmrid ahd Adng Met 


Peet ees 
Pwoirrn Sn cor et) 
BEAN AER Om an 
Sear nn ies Vito agate eee 


gens te Myla nthe ne met 
Le ALAR ANNA SARE 
Rear rer intr ey Cen nay 
Pencrermerir a eCity Enna) 
Vn Ae a se EAM 

Fe NLP MGM AAC OEN AAT HM Meth A, AAD Men 1) MS 
ants Me pinay memcmeml ea 

wee DTA te Me kem remind om 


Teh ben tte 
Tig an he Me 
Dah ot Steen AON 

16st 


yes wine 
LU apa tga ae arin 
SUCER IA A anade tw Ne Ry na aa 
Tana A ain Mash sat tt bth van Doma 
jenna a 


pane wits 
tam ional lend na 2 
nadas ttm tate areal 
Tacs e, adie sin iN Saceasemtine 2 “ 

Sy etre) eo 
nua sa Hinesanmnssiine, tne hs wi Ra temeneds mame 
aide Tanne Rain chstagma Solem mabe s 6% 


ree 
Tat vad imtmeranne gememe MA 


ern 
Petniccete, Weare. 
f oa 


nase di 


Tak ta Mame 


2 Beams Som 


Ag nr oin waters 


SS 
ee 
he 


rT 
ne 


Fao inyy RRS 
Rinswe WERE og penton BASE SO 
ints ome BER a 


SR eS 
ares eRe 


ra are 
ei mimane SEE 


poe rere rc 
kts AS 
raat oy C58 as SERRE RE 
Wess tea 

Sooees 


pee 


tia ryn 
hg 


PRERELCs 
ives 

eek hy ys 
West 


TT eau BE 
ip 


ree oe tbe 


fh ce? 
Cra 


ras 
On 


aig 
Agar aera 
Pra kee 

(eraser ss 
Pate 


po et ASAE = 
Seacuge see SETS Se sy 


= pares 
ne ee 


he eta OS 
vrata gtusanae 2 aee 
erates 


aes 
Arne Ariat 
ee ios 


Sere 
qeede hung erent 
pose ees PUrcgeePN eee 


teehee Gene eT Ae 


Fee sgrian SS 


pcg eo sy ns ee 

tp lpahe rerereeen ewer: 

al Reet re 

Spee epee eye weeeey eran a 2e 
aoe 


prerowons yates Faye 
wee 


sorry ys 
Jigta nurse es 
Lae 


rr ee iG 
up oe Pus pare 
gray 


aae aa f 
ve yea aide pa pepe PY 
Sati cia eee 

PrP Reena pee 
Th ee aheon it 
eh SET 


enna 
Pad 


Pore gee we 
Wye darwin Paver 
SA EP 


eager 
Cape Neen 
ey gue 


Poa eeu nanny ar 
EE eae E Sain Meese MAPICS FE 
sea ret ee 

RLM SEONe Sr eat) 
raw me geuvas 9 ERUAE® 

a ene NOeT TET es kek 
pieces eine ne ins 
Fagen 2 CNMI NS RE 

Sor purl ty ee nee Ie OT 
Siete ceenerre Fe 
ree ers 


he perry 
Boar 
ORRCr oes te aaa 
LEE PET TAP 
YET VW Lee CAS TRF 
Pieri tata tals 


Sve 
vee 


7 oe RUNNY 
pone SAOTET 


re ash Lek hk 
Senin eee Umar UTD REIT 
fog eae a 


Foe gene nne age TET we wePT ENT 
Tepes ena graeme co wneTeNe TSE ae 
ce UtN Ta vet te 0" NL epee ECR OPA INET 

eo gers CVMG es ve ET NI HTTP IT 
err rer tata iah as 


Ot ee ek eee 
Teter eH CE CERNE FET 
ere pee 0 

oe Fewer” 


oa VIER © 


bi 
remo 
ee WE: 


sown reer” 
wearer 


Sepa irre wake oe 
aie rage cm vase 
SUS eR PN Fe 

PW AVE a MATES IS MS 
Se TEE 


f ecu rey easnearn ee Ne 
cies waa irogt roe ey eT hy ok ed 
. he eee ele te @lasmee: a rwewereans 8 GNarH ve rd Lew da re rs 
VF DS EOE FEUD eae TATE PEW ee op ae ge Be TMT Be RIPLEY 
Se NP ree Satara Fe EMRE 9 
SEP Se eee aie se RUT Te PP TENS UOT EY CP 
t He ey abv en qdeepevutee DEON Dee” 


v 


' 


; - a ly j ; 

- aK La 

uly iy pay 
ae mY 

ob Wig) et 
ih 
> ® 
ar ac 


NAVAL POSTGRADUATE SCHOOL 


Monterey, California 


THESIS 


A PRAGMATIC ASSIZEMENT OF DEFENSE CONTRACTOR 
RISK, PROFITABILITY, AND DEBT: 1976-1984 


by 
David Joseph Louk 


June 1987 


Thesis Advisor: Dan C. Boger 


Approved for public release; distribution is unlimited. 


T243140 


wait es, r 
nee hay 
4 ¥ ,e 
rr.) Maspot™  papiaes vias ; 


NO a Sait ta 
4 - 7 
) ; 


BOLDARTHOO MOYES. 3) TERT oni DARY & 
BP [-Ate 7TH Ges y¥T THBGATTC as . 28TH 


¥ d 


Nvol dqseol bived 


} Wig 
of .) mag Lemoore 
- ie et ee aii) 
Lon a 
pat i =f noliud it rane ;pens lox — a > reo a 
- e , 


UNCLASSIFIED 


URITY CLASSIFICATION OF THIS PA 


REPORT DOCUMENTATION PAGE 


y REPORT SECURITY CLASSIFICATION ‘Yb RESTRICTIVE MARKINGS : 
Unclassified 


a SECURITY CLASSIFICATION AUTHORITY 3 DISTRIBUTION? AVAILABILITY OF REPORT 


| Approved for public release; 
distribution is unlimited 


> DECLASSIFICATION / DOWNGRADING SCHEDULE 


PERFORMING ORGANIZATION REPORT NUMBER(S) 5 MONITORING ORGANIZATION REPORT NUMBER(S) 


NAME OF PERFORMING ORGANIZATION 6b OFFICE SYMBOL 


(if applicable) 


54 


7a NAME OF MONITORING ORGANIZATION 


Naval Postgraduate School 
7b ADDRESS (City, State, and ZIP Code) 


Naval Postgraduate School 
; ADORESS (City. State, and ZIP Code) 


Monterey, California 93943-5000 Monterey, California 93943-5000 


NAME OF FUNDING/ SPONSORING 
ORGANIZATION 


Bb OFFICE SYMBOL 
Uf applicable) 


9 PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER 


ADDRESS (City, State, and ZIP Code) 10 SOURCE OF FUNOING NUMBERS 


PROGRAM PROJECT TASK WORK UNIT 
NO NO ACCESSION NO 
TITLE (include Security Classification) 


ELEMENT NO 
A PRAGMATIC ASSIZEMENT OF DEFENSE CONTRACTOR RISK, PROFITABILITY, AND DEBT: 
1976-1984 


PERSONAL AUTHOR(S) 
Louk, David Joseph 


a TYPE OF REPORT 13b TIME COVERED 14 DATE OF REPORT (Year. Month Day) |S PAGE COUNT 
Master's Thesis FROM< Sh ATO... Van 1987, June 58 


SUPPLEMENTARY NOTATION 


COSATI CODES 18 SUBJECT TERMS (Continue on reverse if necessary and identify by block number) 


a 5u8 GROUP | 
Ts ae 


ABSTRACT (Continue on reverse if necessary and identify by block number) 


This thesis is an investigation into the measurement and analysis of the 
relationship between defense contractor risk and profit levels as compared to 
commercially oriented firms' risk and profit levels. Past studies that have 
attempted to quantify the interrelationship of risk and profit are examined. 
Hurdle's leverage, risk, market structure, and profitability model is used as a 
basis for the current model of risk and profitability. Empirical analyses of 
defense contractor risk and profit relationships are performed using least 
squares regression analysis, Chow tests, and three stage simultaneous regression 
analysis. 


D S”R'ISUTION/ AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION 

RK) CNCLASSIFIEOUUNLIMITED (©) SAME AS RPT Ooric users Unclassified 

) NAME OF RESPONSIBLE INOIVIOUAL 22b TELEPHONE (include Area Code) | 22¢ OFFICE SYMBOL 
Professor Dan C. Boger 408-646-2607 54Bo 


FORM 1473, 84mMar 83 APR edition may be used until exhausted SECURITY CLASSIFICATION OF THIS PAGE 
All other editions are obsolet — 
Paka angen eal UNCLASSIFIED 


1 


Approved for public release; distribution is unlimited 


A Pragmatic Assizement of Defense Contractor Risk, 
Profitability, and Debt: 1976-1984 


by 
David Joseph Louk 


Lieutenant Commander, United States Navy 
B.S., Virginia Commonwealth University, 1973 


Submitted in partial fulfillment of the 
requirements for the degree of 


MASTER OF SCIENCE IN MANAGEMENT 


from the 


NAVAL POSTGRADUATE SCHOOL 
June 1987 


ABSTRACT. 


This thesis is an investigation into the measurement and 
analysis of the relationship between defense contractor risk 
and profit levels as compared to commercially oriented 
firms' risk and profit levels. Past studies that have 
attempted to quantify the interrelationship of risk and 
profit are examined. Hurdle's leverage, risk, market 
structure, and profitability model is used as a basis for 
the current model of risk and profitability. Empirical 
analyses of defense contractor risk and profit relationships 
are performed using least squares regression analysis, Chow 


tests, and three stage simultaneous regression analysis. 
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I. INTRODUCTION 


A. PURPOSE 

Defense oriented firms have been studied extensively in 
the past to determine if the remuneration they receive is 
commensurate with a reasonable profit level. The defense 
industry is usually compared to the commercially oriented 
industry as a basis in profit level studies. The importance 
of equitable profit levels for defense firms is stated in 
the objectives of the Defense Financial and Investment 
Review, as, “Reform of federal procurement practices (are 
important) to insure the effective and efficient spending of 
public funds and at the same time maintain the viability of 
the defense industrial base." [Ref. l:p. I-1] 

Past studies of defense industry profitability have been 
attacked on numerous’ issues. Martin in his work on 
contractor risk points out, "previous studies have been 
widely criticized for biased premises, nonrepresentative 
samples, inaccurate data, and misleading variations in 
statistical averages." fReft. 2sp. 10] In addition. to the 
above inadequacies in previous studies, risk had not been 
factored in as a regulator of profit until Martin broached 
the risk factor in his study of the issue in An Empirical 
Assessment of Defense Contractor Risk 1976-1984. Martin 


says, 


None of the prior studies has totally reconciled the fact 
that rates of return are not completely comparable for 
having been earned under varying exposures to risk. 
Rather than ask what defense contractors' observed rates 
of return are, a more appropriate question would be 
whether defense contractors are appropriately rewarded for 
creative and wise risk taking. [Ref. 2:p. 10] 

The purpose of this study is to expand on Martin's work 
exploring the profit versus risk issue. A basis for this 
exploration is the model which was constructed by Gloria 
Hurdle in 1974. Hurdle's model, which analyzed a cross 
section of American firms, will be adapted to analyze 
commercial versus defense firms while measuring risk, 
profit, and debt. 

This investigation will seek a determination of profit, 
or return on equity levels, for defense firms, and compare 
those levels to commercially oriented industries. The 


profit levels will be examined for the amount and influence 


of risk involved and the effect of risk on profit levels. 


B. OVERVIEW 

In order to comprehend the profit versus risk relation- 
ship, previous work on this relationship must be examined. 
Chapter II takes a look at Martin's work on contractor risk 
and Hurdle's model for measuring risk and profit. 

With a solid foundation of knowledge of the profit 
versus risk issue, a model for measuring these factors in 
defense and commercial firms is developed in Chapter III. 
The empirical formulation of profit and risk levels is 


presented in what the author calls the Boger model. 


Chapter IV attempts to empirically assess the results of 
the Boger model. Conclusions drawn from this assessment are 


presented in Chapter V. 


II. MARTIN AND HURDLE ANALYSIS OF RISK AND PROFIT 


This chapter explores some of the previous work that has 
been attempted in the field of risk and profit forecasting 
or the explanation of profit as a factor of risk. Both 
profit and risk are easily quantifiable, but as_ the 
following studies show, they are not easily captured in a 
model which makes simultaneous predictions of risk and/or 


DEOL. 


A. MARTIN ANALYSIS 

Wayne Martin in his paper, An Empirical Assessment of 
Defense Contractor Risk 1976-1984, "analyzed four possible 
methods for the evaluation and quantification of defense 
contracter risk." (REE. 1p. 920) Martin did a mean- 
variance analysis of rate of return, capital asset pricing 
model, mean-variance analysis of backlog, and mean-variance 
analysis of five-year defense program elements. Martin used 
13 DOD oriented firms and 36 commercially oriented firms for 
his data base. 

Martin's objective was to quantify the relationship 
between defense contractors' risk and rate of return. He 
showed that while risk can be empirically assessed and rate 
of return can easily be measured, the two factors do not fit 
smoothly in a simple model tying the two factors of risk and 


rate of return together. 
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B. HURDLE ANALYSIS 

In 1974 Gloria Hurdle presented what will be called the 
Hurdle model. This model is a simultaneous three-equation 
regression model that looked at leverage, risk, market 
structure, and profitability. Hurdle's model attempted to 
explain and quantify the relationships that exist between 
leverage, market structure, risk, and profitability. Hurdle 
used 228 United States manufacturing firms that covered 85 
different industries in the 1960's. 

Hurdle based her model on previous studies completed by 
Hall and Weiss, 1967; Shepard, 1971, 1972; Stigler, 1963; 
Kilpatrick, 1968; Collins and Preston, 1969; and Gale, 1972. 
All of these authors "have included a risk variable or a 
financial structure variable or both in a linear regression 
model. They commonly represented the degree of risk by the 
variability of profit over time (hereafter denoted o)." 
fRef... 3:p. 473] 

According to Hurdle, stockholders are overwhelmingly 
risk averters who require a higher return, a risk premium as 
it were, for taking on more risk. Hurdle stated that when 
using profit variability for risk, its correlation with rate 
of return should be positive when the risk premium 
hypothesis is used. [Ref. 3:p. 478] 

Hurdle stated that "there are two major hypotheses 


concerning risk and debt: (1) risk premium--high risk leads 
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to high rate of return. (2) debt--requires low usenece 
risk, but causes large financial risk." [Ref. 3:p. 478] 

According to Hurdle, a business's risk should be low 
under a minimum of two conditions. The first condition is 
when the industry is riskless. The second condition is when 
the business has the power to maintain stable profit through 
control of the industry's price or market structure. 
Because of this, a third condition must be included. Market 
power lowers business risk and allows for higher debt and 
rate of return. 

These relationships described by Hurdle are conceptually 


illustrated in Figure 1. [Ref. 3:p. 479] 


Market Power Market Power 
(+)——{Risk Premium) 


) Financial Risk (+) (+) 


i Risk Premium | 


(+) 


Business Risk Rate of Return 


Pood 


— (-) ———— Debt —__(-) 
(+) 


Figure 1. Market Power 


The coefficients of these variables in a regression will 


be unknown a priori regardless of the variable used to 


estimate the business risk. Hurdle stated in her paper, 
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The upper loop indicates a positive relationship between 
business risk and return on equity, while the lower loop 
indicates a negative’ relationship. Similarly, the 
relationship between debt and profitability is unpredicta- 
ble. If the bottom loop dominates then debt and profits 
would be positively correlated. However, if low debt 
reflects large business risk, then the upper loop implies 
a negative correlation between debt and profitability. 
[Bper...3:p...4/9] 


Hurdle uses a graph to show how risk is related to 
earnings on equity when considering two different types of 
firms, one being risk averse and the other being less risk 
averse. 

Figure 2 [Ref. 3:p. 479] shows the earnings on equity 
plotted against risk to stockholders. Curve I is the risk 
averse firm, while curve II is the less risk averse firm. 
Risk to stockholders includes both business and financial 


Fick. 


Risk 
fo 
Stock - 
holders 


Increasing 


"jets 


Earnings on Equity 


Figure 2. The Earnings-Risk Curve 
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Hurdle describes the curves as: 


Business risk varies from industry to industry, but it can 
be partially controlled by the firm, i.e., there is large 
inter-industry variation. Earnings and risk increase 
together up to some maximum (points A and A'), where the 
cost of debt becomes so high that earnings decrease with 
further debt. This is due to the rate of interest rising 
as debt increases. The firm is assumed to have a utility 
function, from which it decides the point on the earnings- 
risk curve which maximizes utility. The more horizontal 
the indifference curves, the more averse the risk to each 
firm is. Thus, the risk averse firm might choose point G, 
while a less risk averse firm would prefer point B. 


Curve II represents a firm with an alternative market 
structure. The ability of a firm to control price should 
decrease its riskiness (business risk), which would allow 
it to increase its debt (and thus increase return on 
equity) without increasing risk to stockholders. Thus an 
advantaged firm (one with market power) would have an 
earnings-risk curve somewhat like curve II in Figure 2. 


One can compare points on these two curves 
representing the same debt. Consider point B of Figure 2. 
This point represents some level of debt and some level of 
financial risk associated with that debt. One can locate 
the point on curve II corresponding to that same debt. 
Since financial risk corresponding to the same debt will 
be the same for both firms, but business risk will be 
lower for firm II, its risk to stockholders will be lower. 
Second, the earnings of firm II are higher because of its 
market power, plus the lower cost of its capital. fThus, 
B' (which represents the same debt as _ B) must lie 
somewhere between points D and E. 


This diagram shows the relationships among risk, 
earnings, and leverage depending on the utility functions 
of firms and must therefore be determined empirically. 
For example, if firm I chooses point B, and firm II 
chooses point C, then firm II will have higher debt, 
higher earnings, and higher total risk to stockholders. 
On. the other hand’. if. firm” Pichooses point F, it will 
have lower debt, lower risk and higher earnings. Debt, 
therefore, cannot be used to measure business risk, since 
both C and F have the same business risk but different 
levels of debt. [Ref. 3:p. 480] 
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C. EQUATIONS 

Hurdle's hypotheses are that can be used to measure 
Getal-=risk © and “that  f£inancial ~“‘structure”® “reflects an 
opportunity for the businessman to increase return on 
equity. She employs three dependent variables which are 
risk, financial structure, and rate of return using a three- 
equation simultaneous regression model to test’ the 
hypothesis. 

1. Risk 

According to Hurdle, “a large market share or strong 

Oligopoly group should reduce business risk, because market 
share is usually related to market power or the ability to 
control price." [Ref. 3:p. 480] Size can be used to spread 
loses which decrease . Business risk may be alleviated by 
advertising intensity because it creates market power and 
also because it is an expense which can be cut when profits 
stare. to' ‘drop’ ‘oft: 

2. Debt 

"High-risk firms should have lower debt." [Ref. 

3<tp. +460) Hurdle also states that fast growing firms are 
likely to have high debt. The reasons for this are that the 
firm may be out of equilibrium due to fast or unexpected 
growth. Another reason for high debt among fast growth 
firms is that stockholders prefer debt for financing growth 


instead of new stock issues which dilute equity. 


7-5 


3.0 Profies 
Hurdle's premise is that, "market share and the 
extent of oligopoly should be correlated with higher profits 
by allowing firms some control over price." [Ref. 3:p. 480] 
The equations to describe debt, risk, and profit 
are: 
Risk = constant - market share - advertising - assets 


- concentration of market + (total assets/sales) 
+ debt + demand variance 


Debt constant + market share + growth in sales 


+ concentration of market + profits - risk 
+ assets + (total assets/sales) 


Profit = constant + market share + advertising + assets 
+ concentration of market + debt + risk 

D. HURDLE'S CONCLUSIONS 

Hurdle's research enabled her to make a tentative 
indication that while market power keeps risk at a lower 
level than firms with low-market power, both high and low- 
market power firms have about the same relative levels of 
debt. Market structure (i.e., control over price) is the 
determining factor for profit differences among similar 


firms. 
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III. THE DATA AND METHODOLOGY 


This chapter presents the data sources and methodology 
used in the analysis of the data. The empirical formulation 


of the data is presented in the Boger model. 


A. THE DATA 

The data base has its foundation in Martin's work, An 
Empirical Assessment of Defense Contractor Risk 1976-1984 
[Ref. 2]. Martin based his work on 49 different companies 
for the years 1976-1984 broken into two groups consisting of 
36 commercially oriented firms and 13 defense oriented 
firms. The 36 commercially oriented firms had less than 30 
percent Department of Defense sales, and the 13 defense 
firms had greater than 30 percent Department of Defense 
sales. 

This investigation uses the same 49 companies for the 
years 1976-1984 as a basis. This group of firms has been 
reduced to 13 defense firms and 24 commercially oriented 
firms. The reduction in commercially oriented firms is due 
to the lack of backlog data for the 12 discarded firms. The 
37 firms used in this work are contained in Tables 1 and 2. 

Each company has nine variables used in this study which 
are contained in the Appendix. These nine variables are 


discussed below. 
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TABLE 1 


SAMPLE OF 24 COMMERCIALLY-ORIENTED CONTRACTORS 


NYSE 

Company Symbol 
AVCO Corporation AV 
Control Data Corporation CDA 
E-Systems, Inc. ESY 
Emerson Electric Company EMR 
Fairchild Industries, Inc. FEN 
General Electric Company GE 
Goodyear Tire & Rubber Co. GT 
Gould, Inc. GLD 
Harris Corporation HRS 
Hercules, Inc. HPC 
Honeywell, Inc. HON 
International Business Machines IBM 
Motorola, Inc. MOT 
Penn Central Corporation PC 
RCA Corporation RCA 
The Signal Companies, Inc. SGN 
Singer Company SMF 
Sperry Corporation SY 
TRW Inc. TRW 
Teledyne, Inc. TDY 
Tenneco, Inc. TGT 
Textron, Te. Ext 
Todd Shipyards Corp. TOD 
Westinghouse Electric Corp. WX 
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TABLE 2 


SAMPLE OF 13 DOD-ORIENTED CONTRACTORS 


Company 

Boeing Company 

FMC Corporation 

General Dynamics Corporation 
Grumman Corporation 

Litton Industries Inc. 
Lockheed Corporation 

Martin Marietta Corporation 
McDonnell Douglas Corporation 
Northrop Corporation 
Raytheon Company 

Rockwell International Corp. 
Sanders Associates, Inc. 


United Technologies Corp. 


LS 


S 


NYSE 
ol 


NOC 


RTN 


ROK 


SAA 


UTX 


Backlog (BKLG) consists of those orders which cannot 
currently be delivered but will be filled within a later 
time period. Backlog data was collected from the SEC 10K 
reports in the same manner as described in Martin's An 
Empirical Assessment of Defense Contractor Risk 1976-1984 
[Ref. 1: pi, tor 

Debt (DEBT) is defined as the total liabilities of a 
firm as reported on the SEC 10K reports. 

Assets (ASST) is defined as the total assets of a firm 
as reported on the SEC 10K reports. 

Profit variation (PVAR) is a proxy variable for risk. 
PVAR is the result of taking the current year rate of return 
minus the mean rate of return for the years 1976-1984 and 
squaring the result. 

Leverage (LEV) is the result of the current year debt 
divided by the sum of current year debt and current year 
shareholders' equity. 

Assets divided by sales (ASSAL) is current year assets 
divided by current year sales for the year in question. 

Sales (SALES) are a revenue transaction where goods or 
services are delivered to a customer in return for cash or 
an obligation to pay. Sales figures were taken directly 
from each firm's SEC 10K reports. 

Shareholders' equity (SHEQ) is the owners' equity of 
each firm. Shareholders' equity was taken directly from 


each. firm's: SEC 10K reports. 
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Return on equity (ROE) is the rate of return on common 


shareholders equity calculated as: 


# net income after taxes 
——- Capital stock + surplus + retained earnings 


B. METHODOLOGY 

The methodology of the equations involved as derived 
from Hurdle's model [Ref. 3:p. 481] discussed earlier in 
Chapter II. Hurdle used three equations to describe risk, 
debt, and profits. The three equations, with their expected 
Signs are described and contrasted below. 

Hurdle's equation for risk is: 

Risk = constant - market share - advertising - asset 


- concentration of market + (total assets/sales) 
+ debt + demand variance 


Boger's equation for risk is: 
PVAR = constant - backlog + leverage - asset 


In the Boger model, backlog is used to capture market 
share, concentration of market, demand variance, and 
advertising used in Hurdle's equation. Debt was captured by 
the same method used by Hurdle, but is called leverage in 
the Boger model. Recall that leverage is the result of debt 
divided by the sum of debt and shareholders' equity. 


Hurdle's equation for debt is: 
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Debt = constant + market share + growth in sales 
+ concentration of market + profits - risk 
+ asset + (total assets/sales) 


Boger's equation for debt is: 


Debt = constant + backlog - return on equity - PVAR 
+ asset + (total assets/sales) 

Once again, market share, growth ine sales, and 
concentration of market are captured in backlog. Hurdle's 
profit is stated in the Boger equation as return on equity. 
Risk is measured by the term PVAR. The other terms i the 
two equations are the same except for debt. Debt in the 
Boger model is simply the current year total debt. 

Hurdle's final equation is for profit. 


Profit = constant + market share + advertising + asset 
+ concentration of market + debt + risk 


The Boger profit equation is: 


Return on equity = constant + backlog - leverage - asset 
+ PVAR 
As before, backlog was used to capture the esoteric 
terms (market share, advertising, and concentration of 
market) used in the Hurdle model. The other terms remain 


the same. 
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IV. EMPIRICAL ANALYSIS 


This chapter presents the empirical analysis and the 
implications of this analysis. The methods of investigation 
are ordinary single equation regression for the combined 
firms, defense firms, and the commercial firms; Chow tests 
on the regression of individual years, and regression of 
three simultaneous equations for the combined years of 1976- 


1984. 


A. ORDINARY LEAST SQUARES REGRESSION 

The data contained in Table 3 show how the regressions 
for the Boger model compare to the Hurdle model for the year 
1984. Similar results were obtained for the years 1983- 
1984. Results for the Boger model were in most cases not 
statistically significant. 

The following differences were observed when comparing 
both defense firms and commercial firms combined to the 
Hurdle model. Profit variability is reduced by the constant 
factor in the Boger model for risk and is increased in the 
Hurdle model. The reason is that the profit variable is a 
fairly static term over the long run, and the constant is 
negative to dampen out the effects of the other variables in 
the equation. The Boger debt model has two variables which 
differ from the Hurdle debt model. These terms are profit 


variability and assets divided by sales. Profit variability 
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TABLE 3 
ORDINARY LEAST SQUARES REGRESSION VARIABLES 
COMBINED FIRMS 
Constant + BKLG - LEV - ASST + PVAR 


Constant + BKLG + DEBT + ASST + RISK 


-Constant - BKLG + LEV - ASST 


Constant - BKLG + Debt - ASST 


Constant + BKLG - ROE + PVAR + ASST - ASSAL 

Constant + BKLG + ROE - PVAR + ASST + ASSAL 
DEFENSE FIRMS 

Constant + BKLG + LEV - ASST + PVAR 


Constant + BKLG + DEBT + ASST + RISK 


-Constant + BKLG + LEV - ASST 


Constant - BKLG + DEBT - ASST 


-Constant + BKLG + ROE + PVAR + ASST - ASSAL 
Constant + BKLG + ROE - PVAR + ASST + ASSAL 
COMMERCIAL FIRMS 
Constant + BKLG - LEV + ASST + PVAR 


Constant + BKLG + DEBT + ASST + RISK 


-Constant - BKLG + LEV - ASST 


Constant. —_BKLG + DEBT_=— ASstT 


Constant + BKLG - ROE + PVAR + ASST - ASSAL 


Constant = BKLG + ROE - PVAR + ASST + ASSAL 
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Hurdle 


Boger 


Hurdle 
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is a positive variable in the Boger model, while in the 
Hurdle model it is negative. The reason for this is that 
risk or profit variability tends to increase the debt load 
rather than decrease it. Hurdle found the same evidence for 
the years 1960 and 1964 in her work but chose to state that 
risk decreases the debt load. 

Assets divided by sales have a negative influence on 
debt in the Boger model while the opposite is true for the 
Hurdle model. Debt is commonly employed to increase assets 
which in turn increase sales. It follows then that assets 
divided by sales would have a calming effect or negative 
effect on overall debt. 

The comparison of the Boger model to the Hurdle model on 
defense firms only and commercial firms only yields the same 
results as above with two exceptions. The constant in the 
Boger model for defense firms for the debt equation has a 
negative effect as opposed to Hurdle's positive effect. 
Once again this is a dampening effect for the other 
variables in the equation. The other exception is that in 
the Boger risk equation backlog increases risk while in the 
Hurdle risk equation backlog decreases risk. The reason for 
this difference in the Boger model is that defense firms 
with a large backlog are more likely to have higher risk 
because of their inability to secure new contracts due to 


that large backlog. 
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B. CHOW TEST ON STRAIGHT LINE REGRESSION 

A Chow test was performed on the results of the 
regression equation's sum of squares residuals for the 
combination of defense and commercial firms, defense firms 
only, and commercial firms only. The results of this Chow 


test are presented in Table 4. 


TABLE 4 
CHOW TEST 
5% CRITICAL 5% CRITICAL 5% CRITICAL 
ROE VALUE PVAR VALUE DEBT VALUE 
1984 2.03 2.57 oi7 2.70 -38 2.49 
1983 «30838 ~99 ~46 
1982 1.269 1.76 -65 
1981 4.15 3.87 3.89 
1980 1.60 -46 42 
1979 a7 -20 ~57 
1978 1.04 10.56 -84 
1977 1.38 a iE) - 64 
1976 1502 « Oat 1.60 


The data from the years 1976-1984 were pooled to perform 
the Chow tests. Pooling was performed by combining all the 
years and comparing that to the combination of previous 
years plus the present year. An example makes this concept 


clearer. The years in this example are 1979-1984. All of 
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the data from 1979 through 1984 are combined and compared to 
the data from the years 1980 through 1984 plus the data from 
297°. 

The Chow test showed that defense and commercial firms 
are the same with respect to profit, debt, and risk with 
five exceptions over nine years. In 1983 profit showed a 
significant difference but risk and debt did not. In 1981 
profit, debt, and risk all showed significant differences 
between commercial and defense firms. This may be ascribed 
to the booming defense economy and the lagging commercial 
economy occurring at that time. The remaining difference is 
the. risk. in. 1978. This may be an anomaly. All five 
exceptions need scrutinizing that is beyond the scope of 
this work to fully understand. It is concluded that all 
time series observations may be pooled with cross section 
observations. 

In conjunction with the above discussion of the tests it 
should be stated that a two-stage least-squares simultaneous 
regression of all years combined was performed on all the 
data. The results of the two-stage regression were 


inconclusive. 


C. THREE STAGE LEAST SQUARES MODEL 

A regression analysis for the years 1976-1984 combined 
was completed on the firms under investigation. This 
regression analysis was a three-stage least squares model 


performed on the three simultaneous equations for debt, 
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profit variability, and profit using the Boger model. The 


analysis was completed on all firms defense 


combined, 
oriented firms only, and commercially oriented firms only. 
The data in Tables 5 and 6 compare and contrast the 
differences that arose between the data bases of combined, 
defense only, and commercial only firms. These differences 


are discussed in the section following Table 7. 


TABLE 5 
THREE-STAGE LEAST SQUARES REGRESSION DATA 


COMBINED FIRMS 


DEPENDENT PROFIT 

VARIABLE ROE VARIABILITY DEBT 
Sum of Squared Residuals 19986.9 39297700 57936900 
Standard Error 7.74 343.5 1319 
Mean 14.7 68.4 PREY SYS BS / 
Standard Deviation 9.6 356.1 2607.6 
R-Squared =35>D -06 ~743 
R-Squared Adjusted Sehoyy/ 017, ~744 
Durbin-Watson Statistic es 2201: LSS 

DEFENSE FIRMS 
Sum of Squared Residuals 5575.1 22179700 6215930 
Standard Error 6.9 133.2 PPS yale: 
Mean 16.25 56.5 1 LI 7 OvzZ 
Standard Deviation 79 145.6 £231.19 
R-Squared ~241 ~O91 -96 
R-Squared Adjusted 247 .099 96 
Durbin-Watson Statistic 1.85 Zeca: 22 
COMMERCIAL FIRMS 

Sum of Squares Residual T3029. 5 36693300 53633400 
Standard Error TSa Oi <a! > 1S 
Mean 35 Te est EG ERG) 
Standard Deviation L053 429.2 3049.1 
R-Squared «42 07 S7/sjal 
R-Squared Adjusted 43 -08 arse 
Durbin-Watson Statistic 139 19 19 


TABLE 6 


THREE-STAGE LEAST SQUARES REGRESSION COEFFICIENTS 
(Standard Errors in Parentheses Below Each Coefficient) 


COMBINED DEFENSE COMMERCIAL 
ROE 
Constant 14.5 6.1 27.6 
(1.8) C3). 3s) (2.14 
Backlog -00019 -0004 -.0005 
(.001) (.0004) (.0002) 
Leverage Dee Pea =5/..6 
(3.3) (5.25) (3.5) 
Assets -000058 -.0008 -0001 
(. 76) (.0005) (.00008) 
Profit Variability -.016 -.02 -.01 
(oT2) (.004) (.002) 
PROFIT VARIABILITY 
Constant Se ay ee -48.2 =A ao. 2 
(S121) (66.8) CEOS) 
Backlog ssl St -014 =%04: 
(.008) (.008) (01) 
Leverage Tz21.6 244.6 Sa 7 a2 
(130...3)) (104.8) (176.8) 
Assets -.0001 = 05 -0003 
(.002) (.01) (.004) 
DEBT 
Constant 389.1 -421.4 564.7 
(174.6) (68.9) (244.1) 
Backlog Po 1 -O13 22 
(.03) (.01) (.05) 
ROE 3 od3 15 od ibe, 
(9.2) (2.9) (14.5) 
Procit Variability ee 1¥ ae a 
(.45) (16) (.6) 
Assets ma jis = 53 ~32 
(.01) (.02) (.01) 
Assets/Sales 33008 211.4 339 
(38.6) (25.7) (52'..8)) 


The data contained in Table 7 shows how the Boger model 
compares to the Hurdle model for the combined years 1976- 
1984. It is interesting to note how closely the Boger model 


approximates the Hurdle model when three-stage simultaneous 
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TABLE 7 


THREE-STAGE REGRESSION VARIABLES 


COMBINED FIRMS 
Constant + BKLG + LEV + SST - PVAR 


Constant + BKLG + DEBT + ASST + RISK 


-Constant - BKLG + LEV - ASST 


Constant - BKLG + DEBT - ASST 


Constant + BKLG + ROE + PVAR 
+ ASST + ASSAL 


Constant + BKLG + ROE - RISK 
+ ASST + ASSAL 


DEFENSE FIRMS 
Constant + BKLG + LEV - ASST - PVAR 


Constant + BKLG + DEBT + ASST + RISK 


-Constant + BKLG + LEV - ASST 

Constant - BKLG + DEBT - ASST 

-Constant + BKLG + ROE + PVAR 
+ ASST + ASSAL 


Constant + BKLG + ROE - RISK 
+ ASST + ASSAL 
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Boger 


Hurdle 


Boger 


Hurdle 


Boger 


Hurdle 


Boger 


Hurdle 


Boger 


Hurdle 


TABLE 7 (CONTINUED) 


COMMERCIAL FIRMS 


ROE = Constant - BKLG - LEV + ASST - PVAR Boger 
ROE = Constant + BKLG + DEBT + ASST + RISK Hurdle 
PVAR = -Constant - BKLG + LEV + ASST Boger 
RISK = Constant - BKLG + DEBT - ASST Hurdle 
DEBT = Constant + BKLG - ROE + PVAR 


+ ASST + ASSAL Boger 


DEBT = Constant + BKLG + ROE - RISK 
+ ASST + ASSAL Hurdle 


for debt, while in the Hurdle model for debt, risk (profit 
variability) has a negative effect. The reason for this 
variance is the same as stated earlier for the least squares 
regression of individual years model discussed previously in 
this chapter. Risk or profit variability tends to increase 
the debt load rather than decrease the debt load as Hurdle 
concluded. 

All other independent variables in the combined years 
for the Boger models on debt, profit, and risk have the same 
effects as the independent variables in the Hurdle model. 
It must be noted that profit variability for the Boger debt 
model of combined firms was not statistically significant, 
displaying a t-ratio of less than one. 

When comparing the defense only firms and the commercial 


only firms using the Boger model against the Hurdle model, 
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TABLE 7 (CONTINUED) 


COMMERCIAL FIRMS 


ROE = Constant - BKLG - LEV + ASST - PVAR Boger 
ROE = Constant + BKLG + DEBT + ASST + RISK Hurdle 
PVAR = -Constant - BKLG + LEV + ASST Boger 
RISK = Constant - BKLG + DEBT - ASST Hurdle 


DEBT = Constant + BKLG - ROE + PVAR 
+ ASST + ASSAL Boger 


DEBT = Constant + BKLG + ROE - RISK 
+ ASST + ASSAL Hurdle 


regression is used instead of the ordinary least squares 
regression described earlier in this chapter. 

The constant terms in the regression equations are 
discounted for their positive or negative effects when 
compared to the Hurdle model. The following differences 
came to light when comparing both defense and commercial 
firms combined in the Boger model to the Hurdle model. 
Profit variability is a positive variable in the Boger model 
for debt, while in the Hurdle model for debt, risk (profit 
variability) has a negative effect. The reason for this 
variance is the same as stated earlier for the least squares 
regression of individual years model discussed previously in 
this chapter. Risk or profit variability tends to increase 
the debt load rather than decrease the debt load as Hurdle 


concluded. 
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All other independent variables in the combined years 
for the Boger models on debt, profit, and risk have the same 
effects as the independent variables in the Hurdle model. 
It must be noted that profit variability for the Boger debt 
model of combined firms was not statistically significant, 
displaying a t-ratio of less than one. 

When comparing the defense only firms and the commercial 
only firms using the Boger model against the Hurdle model, 
the profit variability described above carries over to both 
defense only and commercial only firms. In fact, the heavy 
pardderce of the Boger debt model independent variable 
profit variability in defense firms influences the combined 
firms and the commercially oriented firms to a significant 
degree when all three are combined. 

The other exception for the defense firms is that the 
Boger model has backlog increasing the risk while the Hurdle 
model has backlog decreasing the risk factor. The fact that 
the positive effect of backlog on risk carries over from 
ordinary least squares regression to the combined years 
three-stage regression further strengthens the previous 
explanation of defense backlog. Namely, large backlogs are 
detrimental to defense firms attempting to secure new 


contracts. 
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V. SUMMARY AND CONCLUSIONS 


The overall purpose of this study was to explore the 
relationship and effects of risk to profit levels in defense 
firms as compared to commercial firms. This involved a look 
at the past studies of Martin and Hurdle. 

Hurdle's models for debt, profit, and risk were adapted 
to defense firms and commercially oriented firms in the 
Boger model. This provides a tool to evaluate the 
integrated relationship of profit, risk, and leverage among 
defense contractors. 

It has become clear from this study that models such as 
Hurdle's see the financial structure of firms in the long 
run with an economic point of view. That is to say that the 
market forces of the economy will tend to reach an 
achievable and predictable state over a period of many 
years. 

The Boger model demonstrates that defense firms are 
managed with a short run view of the economy. The 
accounting models of the economy look at the present year 
data and performance while discounting past or future 
trends. This accountant's point of view has been shown by 
the effect of backlog on profit variability and in turn the 


effect of profit variability on the debt structure. As was 
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seen, backlog increases risk in the Boger model, and risk of 
profit variability increases debt. 

Defense firms must operate in a short run mode due to 
the capricious nature of Department of Defense contracts and 
congressional impact on operations. Because defense firms 
must operate differently than commercially oriented firms, 
defense firms should not be judged by the same models used 


to measure profitability in commercially oriented firms. 
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APPENDIX 


The following table (Table 8) shows the data for the 
individual defense and commercial firms. The data are 
listed by firm number which corresponds to an individual 


firm. The following list is used to identify the firms. 


Firm Firm Name 
al Boeing Company 
2 FMC Corporation 
3 General Dynamics Corporation 
4 Grumman Corporation 
5 Litton Industries Incorporated 
6 Lockheed Corporation 
7) Martin Marietta Corporation 
8 McDonnel Douglas Corporation 
9 Northrup Corporation 
10 Raytheon Company 
A Rockwell International Corporation 
2 Sanders Associates, Incorporated 
3 United Technologies Corporation 
14 Avco Corporation 
aS Control Data Corporation 
16 E-Systems, Incorporated 
u7 Emerson Electric Company 
18 Fairchild Industries, Incorporated 
19 General Electric Company 
20 Goodyear Tire & Rubber Company 
Pa L Gould, Incorporated 
22 Harris Corporation 
23 Hercules, Incorporated 
24 Honeywell, Incorporated 
74) International Business Machines 
26 Motorola, Incorporated 
27 Penn Central Corporation 
28 RCA Corporation 
29 The Signals Companies, Incorporated 
30 Singer Company 
zjal Sperry Corporation 
S2 TRW Incorporated 
33 Teledyne, Incorporated 
34 Tenneco, Incorporated 
35 Textron, Incorporated 
36 Todd Shipyards Corporation 
37 Westinghouse Electric Corporation 
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